Recently various aromatic and hetero-aromatic compounds have been synthesized starting from the Baylis-Hillman adducts including poly-substituted benzenes, 1a,b phenols,
naphthalenes, 1e and pyridines. 1f Very recently we reported the synthesis of poly-substituted nitrobenzenes from the Baylis-Hillman adducts of methyl vinyl ketone (Scheme 1). 2 In the synthesis, the Baylis-Hillman adducts served as 1,3-dielectrophilic three-carbon components and 1,3-dinitroalkanes as 1,3-dinucleophilic components. The reaction between the two components could provide poly-substituted nitrobenzene derivatives as shown in Scheme 1. 2 During the project we examined the introduction of 1,3-dinitroalkane derivative 2a 3, 4 at the secondary position of the Baylis-Hillman acetate 1a by using the DABCO salt concept. 5 As we and others have studied and used extensively, selective introduction of nucleophile at the secondary position of Baylis-Hillman adduct could be carried out by the reaction of the nucleophile and the in situ generated DABCO salt of the corresponding Baylis-Hillman acetate (Scheme 2). 5 Actually, as expected easily, the reaction of 1a and 2a in the presence of DABCO produced many spots on TLC presumably due to the formation of many diastereomeric cyclohexane intermediates 3a, which might be formed via the sequential S N 2'-S N 2'-Michael addition pathway as shown. Thus, we separated the diastereomeric mixture 3a (aqueous extractive workup followed by passing through a short silica column) and treated them with K 2 CO 3 in DMF in order to check the possibility for the formation of 2,4-diphenylbenzoic acid derivative, which could be obtained Notes from the elimination of two molecules of nitrous acid followed by concomitant air-oxidation. The reaction showed the formation of many intractable complex mixtures on TLC, after acidic workup with aqueous HCl. However, we could isolate two major components, fortunately. The two compounds were found as 4a (30%, R f = 0.45 in hexanes/ EtOAc, 3:2) and 5a (9%, R f = 0.60 in hexanes/EtOAc, 3:2) based on their IR, 1 H, 13 C, Mass and elemental analyses. The reaction produced so many intractable compounds that we could separate only two compounds in pure states in low yields, however, we decided to proceed the study based on the importance of poly-substituted phenols 6 or nitrophenols 7 and the mechanistic peculiarity (vide infra). The formation of 4a could be explained tentatively as shown in Scheme 3: elimination of HNO 2 from 3a might produce the cyclohexene intermediate (I), base-assisted unusual oxidation 8 and the following Nef reaction 4e generated the phenol compound 4a. Although we do not have further evidences for the reaction mechanism at this stage, the structure of 4a was assigned easily by their spectroscopic data, D 2 O treatment experiment (Experimental Section), and comparison with the spectroscopic data of similar compounds. C and mass data we assigned the structure of 5a as 2-hydroxy-4,6-diphenyl-3-nitrobenzoic acid methyl ester. However, assignment of the structure of 5a and the reaction mechanism for its formation was a difficult task. Thus, in order to confirm the structure of 5a we carried out some chemical transformations as shown in Scheme 4. Reduction of 5a under typical hydrogenation conditions (Pd/C, H 2 ) gave 6a, which was converted into benzoxazole derivative 7a by the reaction with trimethylorthoacetate and PPTS (pyridinium p-toluenesulfonate) in refluxing p-xylene. 9 Acetylation of 5a (Ac 2 O, Et 3 N) afforded 8a in 89% yield. From these chemical transformations the structure of minor product 5a was confirmed successfully, however, we could not find a plausible reaction mechanism until now.
All the efforts for the improvement of yields of these valuable compounds were failed, unfortunately. 10 The use of aqueous H 2 SO 4 instead of aqueous HCl for the final workup stage showed similar results. Replacement of K 2 CO 3 /DMF with DBU/CH 3 CN conditions showed more complex TLC pattern. However, the reaction applied well to other similar substrates 1b-e to give the corresponding products 4b-e and 5b-e in similar yields as demonstrated in Table 1 .
In summary, we prepared poly-substituted phenols from Baylis-Hillman adducts via the [3+3] annulation strategy as the key step. In the reaction, 1,3-dinitroalkanes served the 1,3-dinucleophilic component and the Baylis-Hillman acetates as a 1,3-dielectrophilic partner. Although the yields of the phenol derivatives were much low, the reaction was general and could provide many insights for further study on related chemistry. The studies on the scope and reaction mechanism of this novel finding are currently underway.
Experimental Section
Typical procedure for the synthesis of compound 4a and 5a: To a stirred solution of Baylis-Hillman acetate 1a (234 mg, 1.0 mmol) in aqueous THF (2 mL) was added DABCO (224 mg, 2.0 mmol) and stirred at room temperature for 15 min. 1,3-Dinitroalkane 2a (252 mg, 1.2 mmol) was added to the reaction mixture and stirred at room temperature for 3 h. After the usual aqueous workup we separated crude diastereomeric mixture of 3a by passing through a short-path silica column. The crude 3a was dissolved in DMF (1.5 mL), K 2 CO 3 (690 mg, 5.0 mmol) was added, and stirred at room temperature for 16 h. The reaction mixture was poured into water and adjusted the pH around 5-6 with dilute HCl solution and extracted with ether. After the usual workup and column chromatographic purification process (hexanes/CH 2 Cl 2 /EtOAc, 2:1:0.1) we obtained 4a (92 mg, 30%) and 5a (32 mg, 9%) as colorless oils. Other compounds were synthesized similarly and the spectroscopic data of prepared compounds 4a-e and 5a-e are as follows. Synthesis of compound 6a, 7a and 8a: Compound 5a (17 mg, 0.05 mmol) and Pd/C (2 mg) were dissolved in MeOH (1.0 mL) and the reaction mixture was stirred under hydrogen atmosphere (H 2 balloon) for 4 h. Filtering the reaction mixture through a pad of Celite, concentration, and column chromatographic purification afforded 6a (10 mg, 60%) as colorless oil. A mixture of compound 6a (10 mg, 0.03 mmol), trimethyl orthoacetate (6 mg, 0.05 mmol) and PPTS (2 mg) in p-xylene (0.5 mL) was heated to reflux for 6 h. After the usual aqueous workup and column chromatographic purification process we obtained compound 7a (7.5 mg, 69%) as a pale yellow solid. Compound 8a was synthesized by usual acetylation process with Ac 2 O/Et 3 N conditions in 89% yield. The spectroscopic data of 6a, 7a and 8a are as follows. 
